


















On the momentum-dependent K−-nuclear potentials
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The momentum dependent K−-nucleus optical potentials are obtained based on the RMF theory.
The K− mean free paths in normal nuclear matter and finite nuclei are predicted. By comparing
the K− mean free paths with those calculated from K−n/K−p scattering, we suggest that the real
potential depth is V0 ∼ 80 MeV, and the imaginary potential parameter is W0 ∼ 65 MeV. The mean
free paths in nuclei 12C and 40Ca are about 1 ∼ 1.5 fm, which increases with increasing momentum
in the region of Pk < 0.625 GeV. The elastic differential cross sections for K
−-12C and K−-40Ca at
the momentum Pk = 300, 450, 600 MeV are predicted as well, respectively. They are useful to the
experiments.
PACS numbers: 21.65.+f, 21.30.Fe
I. INTRODUCTION
Recently kaon nuclear physics is a hot topic of nuclear
physics. Especially the topic on the deeply bound K−-
nucleus states (i.e. kaonic nuclei) is the focus of attention
in the recent years [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21]. Whether they can be
found in experiment or not is still a question should be
answered by theorists and experimenters. All the ques-
tions around “kaonic nuclei” arise from the very differ-
ent predictions on the kaon nucleus optical potentials in
theory and the insufficient information on kaon-nucleus
interactions from experiments.
The previous information of kaon-nucleus interactions
in experiments come from the data of kaonic atoms.
Using these data, Friedman, Gal et al. predicted a
very strong attractive real potential, which reaches to
150 ∼ 200 MeV at normal nuclear density. And the
imaginary part predicted by them is about 50 ∼ 70 MeV
[22, 23]. However, the chiral model with a much shallower
real potential (∼ 50 MeV) also fitted the data very well
[24]. The reason is that the K−-meson is only sensitive
to the surface structure of nuclei, whether the potential
inner the nuclei is deep or shallow has less effect on the
theoretical prediction. Thus the K−- atomic data can
not give us enough information on the kaon-nucleus in-
teraction.
The information on kaon-nucleus interactions can also
be obtained fromK−N scattering data. AnalyzingK−N
scattering amplitude, Sibirtsev et al. predicted that the
kaon-nucleus interaction has “momentum dependence”
[25]. They have obtained a momentum dependent po-
tential in a dispersion approach at normal nuclear den-
sity. They predicted that the potential depth at zero





higher momenta. In our previous work [26] we have also
found that the kaon nucleus optical potential has strong
momentum dependence by fitting the only experiment
data on the K−-C, K−-Ca scattering at the K− inci-
dence momentum Pk = 800 MeV/c [27]. We predicted
the depth of real potential at the inner of finite nuclei is
(45 ± 5) MeV at Pk = 800 MeV/c, it is much shallower
than that at zero momentum in the RMF. To study the
momentum-dependent kaon nucleus potentials further,
more experiments on K−-nucleus scattering at different
K− incidence momenta Pk < 800 MeV/c are needed.
On the dynamics of the K−-nucleus interaction, al-
though there are some theoretical models, such as the
chiral perturbation theory (ChPT) [28, 29], the density
dependent optical potential (DD) model [22, 23], the rel-
ativistic mean-field theory (RMF) model [30, 31, 32, 33],
and the chiral unitary model [24, 34], their predictions are
very different. Some of the models have considered the
momentum dependence of the K−-nucleus interaction,
while most of them only give the kaon nucleus optical po-
tential at zero momentum. If we use the scattering data,
momentum-dependent potential is very essential to give
compatible result with experiment. Thus, more theoret-
ical studies are needed on the K−-nucleus interaction,
especially on the momentum dependence of K−-nucleus
potential, that is the purpose of the present work.
Based on the usual RMF model, one cannot get the
corrected momentum dependence of K−-nucleus interac-
tion, and have to consider the internal structure of kaon-
meson to introduce a momentum-dependent “form fac-
tor”. When one extend the RMF to studying the KN
interaction, they usually make an approximation, σ- and
ω-mesons are exchanged between the u, d quarks or their
anti-quarks in kaon meson, and ignore the interaction
with s quark. In this work, we consider a kaon meson as
a two quarks system to introduce an exponential “form
factor”, exp(−P 2k /4κ2), which modify the couplings. In
fact, the“form factor” of an exponential form are widely
adopted [35, 36, 37], which improved the calculations.
With the exponential “form factor”, we can obtain the
real part of the “momentum dependent” kaon nucleus po-
tential. Similarly, we believe that an exponential “form
2factor” exp(−P 2k /4β2) is also needed in the imaginary
part. Where two additional parameters κ and β are intro-
duced, which are determined by fitting the K−-nucleus
scattering data [27]. Next, with the momentum depen-
dent potential we calculate the K− mean free path in
nuclear matter at normal nuclear density. By comparing
our theoretical predictions of the K− mean free paths
with that calculated from K−p/K−n total cross sections
[38], the possible potential depths are constrained fur-
ther. We find that the most possible real potential depth
is V0 ∼ 80 MeV, and the most possible imaginary poten-
tial parameter is W0 ∼ 65 MeV. Finally, using the deter-
mined parameters, we predict the K− mean free paths in
nuclei, and the elastic scattering sections for K− −12 C,
K− −40 Ca at Pk = 300, 450, 600 MeV, which may be
useful for the future experiments.
The paper is organized as follows. In the subse-
quent section we introduce a momentum dependent kaon-
nucleus optical potentials and determine the parameters.
Then the K− mean free paths in nuclear matter and fi-
nite nuclei are calculated, and the appropriate potential
depths are also suggested in Sec. III. K−-nucleus elastic
differential cross sections for 12C and 40Ca are calculated
in Sec. IV. Finally a brief conclusion is given in Sec. V.
II. MOMENTUM DEPENDENT OPTICAL
POTENTIALS
The momentum dependent K−-nucleus optical poten-
tial is crucial to studying K−-nucleus scattering and the
mean free paths of K− in nuclear medium. Based on the
RMF, the primary K−-nucleus effective potential can-
not give the corrected momentum dependence. Gener-
ally, the internal structure of kaon-meson becomes more
and more important when its momentum becomes lager.
In this work, we attempt to consider the internal struc-
ture of kaon-meson in the RMF, then a “form factor”
will be added phenomenally to modify the coupling ver-
texes. From our calculations, we find that this correction
can give the reasonable momentum-dependence of K−-
nucleus optical potential.
A. the real part
In the following, we consider a kaon meson as a two
quarks system and try to deduce a momentum depen-
dent “form factor” to modify coupling vertexes within
the framework of the RMF.
In the RMF, the KN interactions are realized by ex-
changing scalar meson σ and vector meson ω [19]. In the
quark level, σ- and ω-mesons are exchanged between the
u, d quarks or their anti-quarks. See Fig. 1, the scalar



















FIG. 1: Feynman diagram for the KN interactions and inter-
nal coordinate of two quark system
Lσ = gσKmKK¯σK, (1)
Lω = igωKK¯ωµ∂µK +H.C. (2)
Replacing the scalar meson σ and vector meson ω with













we take q = cPk approximately as the transferred mo-
mentum is proportional to K− incidence momentum.
Where r2 represents the coordinate of u/d quarks, which
can be related to the central mass coordinate R and the
relative coordinate r in the quark model:
r2 = R− µ
m2
r, (5)
where m2 = mu and µ = mums/(mu +ms). Thus, we
have




On the harmonic-oscillator basis, the relative coordinate




(a† + a) (7)
where α2 = µωh, ωh is the harmonic-oscillator frequency.
Then, we obtain











Finally, approximately we have
Lσ ≃ gσKmKF (P 2k )K¯Kaσe−icPK ·R, (9)
Lω ≃ igωKF (P 2k )K¯εµaωe−icPK ·R∂µK +H.C., (10)
3with
F (P 2k ) ≡ exp[−P 2k /(4κ2)], (11)
where
κ2 ≡ α2(mu/cµ)2, (12)
and Pk = |PK |.
In the central mass coordinate of K-meson, we replace
aσe
−icPK ·R and aωε
µe−icPK ·R with σ and ωµ, respec-
tively. One obtains
Lσ ≃ gσKF (P 2k )mKK¯Kσ, (13)





Naturally, we do not expect the naive quark model
gives an appropriate value for the parameter κ. In the
calculation, the parameter κ are determined by fitting the
experimental K-nucleus scattering data. From Eqs. (13,
14), we found that an additional factor F (P 2k ) appears
in the vertex compared with that without considering
the internal structure of K-meson. With the increasing
momentum Pk, the factor becomes more and more im-
portant. Thus, considering the internal structure of K-
meson, the usual RMF Lagrangian for KN interaction
should be modified as
LK = ∂µK¯∂µK −m2KK¯K − gσKmKF (P 2k )K¯Kσ













From the above Lagrangian, we can obtain the real part





with the anti-kaon self-energy





−F (P 2k )(gωKω0)2
]
, (17)
which is related to the kaon-meson three momenta by
the form factor F (P 2k ). The K
−-meson energy EK can
be deduced from the RMF [19], which is given by
EK =
√
m2K + gσKF (P
2
k )mKσ0 + P
2
k − gωKF (P 2k )ω0.(18)
B. the imaginary part
So far, we ignored the anti-kaon meson absorption in
the nuclear medium, which requires a complex potential.
Within the framework of the RMF model, the imaginary
potentials cannot be obtained directly. In order to in-
clude the effects of the anti-kaon meson absorption in
the nuclear medium, and make a more realistic estima-
tion for the calculated results, we assume a specific form
imaginary potential, which is given by










k ) = e
−P 2k/(4β
2), (20)
which is also introduced to modify the imaginary poten-
tial (i.e. decay widths) as did in the real one. For the
decay width Γ ∝ M2 ∝ g2, where M is the decay am-




2 is needed. And the parameter β can be
determined by fitting the experimental K-nucleus scat-
tering data. In Eq. 19, W0 is the depth of the imaginary
potential at zero momentum in the usual models, such as
DD and chiral models, which will be discussed later.
On the other hand, the phase space available for the
decay products should be considered, which effects the
imaginary potentials (widths). Thus, a factor, f , mul-
tiplying imaginary potentials ImU is introduced in our
calculations. Following the work in Ref. [8], two main
decay channels are considered in the K¯ decay mode. One
is the mesonic decay channel, K¯N → piΣ, piΛ. The cor-











·Θ(M1 −mpi −mΣ) (21)
whereM01 = mK+mN, M1 = mN+EK, and Y = Σ, Λ.
The other channel is the non-mesonic decay channel,











·Θ(M2 −mpi −mΣ) (22)
where M02 = mK + 2mN, M2 = mN + 2EK. Since Σ
final states dominate both the mesonic and non-mesonic
decay channels [39], in the calculations, the hyperon Y is
set as Y = Σ. The factor f can be assumed a mixture of
80% mesonic decay and 20% non-mesonic decay [8, 9, 39],
thus f = 0.8f1 + 0.2f2.
From Eq. (19), we can see that the imaginary potential
is related to the real part by the factor f .
C. determining the parameters κ and β
In the calculations, the values of coupling constants
gσK =2.088 and gωK =3.02 are adopted, which are most
used in the RMF[19]. The imaginary potential param-
eter, W0, is not determined well. By fitting the K
−-
atomic data, W0 ∼ 50 MeV, however, the predictions in
Refs. [20, 21] give a much deep value W0 ∼ 100 MeV.
Thus, when we determine the parameters κ and β, three
4TABLE I: The parameters in the real and imaginary potential.
The potentials are given in MeV and the parameter κ, β in
GeV.
gσK gωK κ β W0 V0
2.088 3.02 0.275 0.49 50 99
- - - 0.46 60 -
- - - 0.43 70 -
- - - 0.42 80 -
1.044 3.02 0.285 0.44 65 83
2.088 - 0.275 - - 99
5.44 - 0.255 - - 146





















































FIG. 2: The elastic differential cross section for K− scattering
from 40Ca and 12C at pk=800 MeV/c are shown in Fig. (a)
and (b), respectively. The experimental data are from Ref.
[27]. The triangles solid lines represent our calculations with
the different imaginary depths, the dotted lines are the best
results from Ref. [40].
cases W0 = 50, 60, 80 MeV are taken into account, re-
spectively.
The experimental data of the differential elastic cross
sections for K−-12C and K−-40Ca at PK= 800 MeV/c
[27] are used to determine the parameters κ and β. In
Fig. 2, with the optical potentials deduced in equations
(16) and (19), the experimental data are fitted very well.
For considering three cases W0 = 50, 60, 80 MeV, three
values for β are obtained, they are listed in Table I. Al-
though the imaginary depths of the optical potentials are
different, the experimental data can be fitted very well
by adjusting β. The reason is that the K−-nucleus in-
teractions only occur on the surface of the nuclei, the
K−-mesons nearly do not feel any effects from the inner
of the nuclei. For comparison, we also presented the best
theoretical predictions of Ref. [40] for the differential
elastic cross sections of K−-12C and K−-40Ca at PK=
800 MeV/c in Fig. 2. Where the impulse approximation
potential (including up to f waves) are adopted. It is
obvious that our results are better.
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FIG. 3: The real and imaginary anti-kaon optical potentials
of different models in normal nuclear matter are shown in
Fig. (a) and (b), respectively. The solid and hollow pen-
tagons lines represent the potential based on the Ju¨lich KN
interaction [41] and the chiral model [42] (the anti-kaons and
pions are dressed self-consistently), respectively. The shadow
region between two solid curves is the result predicted by
Sibirtsev and Cassing (SC model) [25], and the crossed rect-
angle indicates the results from the analysis of K− production
in Ni+Ni collisions [30, 43].
With the determined parameters, we plotted the po-
tentials at normal nuclear density as functions of kaon
three momentum Pk in Fig. 3. The real and imaginary
parts are shown in Fig. 3(a) and (b), respectively. For
comparison, the potentials predicted by the others are
also presented in Fig. 3. The solid pentagons curves
are the predictions of a meson-exchange model with the
Ju¨lich KN interaction (Ju¨lich model) [41]. The hollow
pentagons curves are the results based on the lowest-
order meson-baryon chiral lagrangian (the anti-kaons and
pions are dressed self-consistently) (chiral model) [42].









































































FIG. 4: The imaginary potential with and without factors
as functions of the momentum are shown in Fig. (a), where
W0 = 50 MeV, and the corresponding factors in the imaginary
potential varied with the momentum are shown in Fig. (b).
The shadow region between two solid curves are the re-
sult predicted by Sibirtsev and Cassing (SC model) [25],
which excludes the repulsive low-energy resonance con-
tribution in the scattering amplitude and averages over
the fermi momentum. And the crossed rectangle indi-
cate the results from the analysis of K− production in
Ni+Ni collisions [30, 43].
From the figure, we can see that our predictions on
real potentials decrease with increasing momentum, the
tendency is agreement with the other models [25, 41, 42].
The depths predicted by us are deeper than those of chi-
ral and Ju¨lich model. In these models, chiral model gives
much shallower real potential depths than the other three
models. The predictions of Ju¨lich model, SC model and
RMF model (our model) are compatible at PK < 600
MeV, which are nearly in the possible region predicted
with SC model.
Our results of the imaginary potentials firstly increase
with increasing momentum till to Pk = 450 ∼ 550 MeV
and then decrease with momentum. The variational ten-
dency is very similar with the predictions in Ref. [41].
There is a plat for imaginary potential in the low energy
Pk < 100 MeV region. Which indicates that the total en-
ergy (MN+EK) is less than the threshold of Σpi, and the
decay channel NK → Σpi is closed. With the factor f ,
the imaginary potential depth are drastically suppressed
from 50 ∼ 80 MeV to ∼ 10 MeV at zero momentum and
normal nuclear density. To see the effects of f and form
factor F2(P
2
K), these factors are shown as functions of Pk
in Fig. 4. From the figure, we can see that the values
of F2(P
2
K) decrease, while the values of f increase with
increasing momentum. As a whole, the predictions with
and without the factors are very different (see Fig. 4(a)).
III. K− MEAN FREE PATHS
For little experimental information directly from the
inner nuclei, there are much uncertainties in both the
real potentials and the imaginary parts. In this section,
with our determined momentum-dependent K− nucleus
potentials, the K− mean free paths in nuclear matter
and finite nuclei are calculated. On the other hand we
estimated the K− mean free paths in nuclear matter ac-
cording to the experimental data of the total cross sec-
tions for K−p and K−n [38]. By comparing the results
from the two different approach, we expect to find more
constrains for the KN inteactions.
A. The formula
The details of how to calculate a particle’s mean free
path in nuclei are given in our previous work [45], only the
main formula are yielded here. To calculate theK− mean
free path, we must start from the K− motion equation ,
which is [19],
[−∇2 − E2K +m2K +ΠK]K = 0. (23)








where UK is the complex potential, which yields
UK = ReU + iImU, (25)
where ReU and ImU are given in Eq. (16) and Eq. (19)
respectively.
Since the potential UK is complex, the anti-kaon mo-
mentum k is also complex and can be expressed as
k = kR + ikI. Then, the anti-kaon mean free path, λK,
is related to the imaginary part of the anti-kaon momen-






mK · [B2 + (ImU)2] 12 −mK · B
, (26)
where, B ≡ EK −mK − ReU + (EK −mK)2/2mK.

























FIG. 5: The anti-kaon mean free paths corresponding to the
different imaginary potentials are as functions of the incident
momentum, Pk, from 150 MeV/c to 800 MeV/c in normal
nuclear matter. And the mean free path corresponding to
experimental Kp and (Kp + Kn)/2 total cross sections are
also shown.
B. results and analysis
With the complex potential predicted in section II, we
calculated the K− mean free path in symmetric nuclear
matter at normal nuclear density ρ = ρ0. The results
are shown in Fig. 5. The short dashed, dotted, dashed
and solid lines are corresponding to the imaginary depths
W0 = (50, 60, 70, 80) MeV, respectively.
On the other hand the mean free path of K− is related
to the K−p/K−n scattering data by a simple relation
λ = 1/ρσ. Where σ¯ = (σKn+σKp)/2 is the average of the
total K−n and K−p cross sections. There are some K−p
scattering data in the range of 0.24 < Pk < 1 GeV, and
no data for K−n scattering in Pk < 0.6 GeV. Thus only
the mean free paths obtained from σ¯ = (σKn + σKp)/2
in the region of 0.6 < Pk < 1 GeV are shown in Fig.
5. According to the K−p cross section data, the values
of λp = 1/(ρσKp) can be estimated as well. From the
figure, we find that λp ≃ λ, and λ is a little larger than
λp. Thus we believe λp ≃ λ in the region of Pk < 0.6
GeV.
The range of Pk ∼ (1.0±0.3) GeV corresponds to a res-
onance region, our model can not give reasonable mean
free paths in this region. From Fig. 5, we can see that the
predicted mean free paths increase with increasing K−
momentum, the variational tendency is agreement with
that calculated from K−p cross sections in the region of
Pk < 0.65 GeV.
In the region of 0.46 < Pk < 0.6 GeV, we find that
the predicted mean free paths with W0 = 80 MeV are
smaller than those calculated from K−p cross sections.
Considering the fact λ > λp, we believe the imaginary
parameter W0 = 80 MeV may be too large. While, with
W0 = 50 MeV it seems to give too large mean free paths
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FIG. 6: The λK of the different real depths varied with the in-
cident momentum, Pk, from 0 MeV/c to 800 MeV/c in normal
nuclear matter. And the corresponding K− optical potentials
are shown in Fig. a.
in the whole region, which indicates that W0 = 50 is
too small. With the conditions λ > λp and λ ≃ λp,
the imaginary depth parameter W0 should be ∼ (60± 5)
MeV.
However, when 0.24 < Pk < 0.4 GeV the imaginary
part W0 ∼ (60 ± 5) may be too small, for the predicted
mean free paths are a little larger than what one expects.
The inconsistency may be overcome by adjusting the real
potential depths in their possible region. As we know
the real potentials have a large possible range from ∼ 50
MeV to ∼200 MeV predicted by different models. To
see the effects of the real potential depths on the mean
free path, here, we considered the coupling constant gσK
as a free parameter. The different real potential depths
can be obtained by adjusting gσK . For the imaginary
potentials are related to real parts by the ‘’form factor”,
corresponding to the different real parts they are different
with the same parameter W0. With W0 = 65 MeV, the
mean free paths for the different real potential depths
V0 = 83, 99, 146 MeV are shown in Fig. 6(b). The
corresponding potentials are shown in Fig. 6(a), and the
parameters κ and λ are presented in the Tab. I, which
are also determined by fitting the K− nucleus scattering
data at Pk = 800 MeV/c.
From the figure, we can see that the effects of the real
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FIG. 7: The anti-kaon mean free path varied with the radius
in 12C and 40Ca when the incident energies, PK = (200, 300,
600) MeV/c are shown in Fig. a and b, respectively.
potential depth on the mean free path are obvious. If we
set V0 > 99 MeV, our predictions of the K
− mean free
paths are far from λp (see the curve for V0 = 146 MeV
), while V0 < 99 MeV the predictions become better.
Thus, it indicates that the real potential depth should be
shallower than 99 MeV. If we set V0 ∼ 83 MeV, which
is just around the lower limit of the RMF, the predicted
mean free paths are reasonable and the imaginary part
W0 = 65 MeV is no longer “too small” in the range of
0.24 < Pk < 0.4 GeV. With V0 ∼ 83 MeV and W0 = 65
MeV, both the real and imaginary potentials (the solid
curves in Fig. 6(a)) predicted by us are very close to
those of Ju¨lich KN interactions [41] (the star curves in
Fig. 6(a)) in the range of Pk < 100 MeV.
It is interesting that the recent experiment also indi-
cated that the in-medium K−N potential depth is on
the order of ∼ 80 MeV at normal nuclear density. When
assuming a K−N potential depth of about 80 MeV, the
calculations agree reasonably well with the ratio of in-
variant production cross sections of K− mesons over K+
mesons for p+Au and, in average, also for p+ C [46].
On the other hand, in Fig. 6(b), we have noted that
when the real potential depth is strong enough, a “peak”
appears in the low momentum region of PK < 250 MeV.

















































FIG. 8: The elastic differential cross section for K− scattering
from 40Ca and 12C at Pk=300 MeV/c are shown in Fig. (a)
and (b), respectively. The fat solid lines are the results of
our momentum dependent potentials; the dotted lines, dash
dotted lines and dashed lines are the results from Ref. [40].
The position of the peak just corresponds toMN+EK =
MΣ + Mpi. When MN + EK < MΣ + Mpi, the decay
channel KN → Σpi are forbidden. If it is the case, we
believe that it should be seen in the experiments.
As a whole, with the constrains of the mean free path
calculated from KN scattering data, we predicted that
the real potential depth is V0 ∼ 80 MeV, and the imag-
inary parameter W0 ∼ 65 MeV. Using these potentials
one can not only fitted the K−-nucleus scattering data
at Pk = 800 MeV/c but also gave the reasonable mean
free paths.
Setting V0 = 83 MeV, and the imaginary partW0 = 65
MeV, theK− mean free paths in 12C and 40Ca are calcu-
lated, they are shown in Fig. 7. From the figure, we can
see that theK− mean free paths in 12C or 40Ca are about
∼1 fm when Pk ≃ 200 MeV, while when the momentum
Pk increases to 600 MeV, the mean free paths increase to
∼1.5 fm. We expect there are some experiments on the
K− mean free paths in the future.














































FIG. 9: Our calculations of the elastic differential cross section
for K− scattering from 40Ca and 12C at Pk=450 MeV/c are
shown in Fig. (a) and (b), respectively.
IV. K−-NUCLEUS SCATTERING
Since the momentum-dependent potential is intro-
duced, the parameters are also determined, and the po-
tential depths for real and imaginary parts are suggested
by us, which are expected to be tested in experiments.
The K−-nucleus scattering experiment may be a good
method to test our predictions. Thus, in this section we
gave the theoretical predictions of the elastic differential
cross section for K−-12C and K−-40Ca at the momen-
tum of Pk = 300, 450, 600 MeV. The results are shown
in Figs. 8-10, respectively. These calculations may be a
guide to experiment on the K−-nucleus scattering.
In the calculations, we set V0 = 83 MeV and W0 =
65 MeV, and the parameters κ, β determined by fitting
the experiment data of K−-nucleus scattering at Pk =
800 MeV/c. The details on the K−-nucleus scattering
calculations can be found in our previous paper [26].
In Fig. 8, we shown our theoretical predictions of the
elastic differential cross section forK−-nucleus scattering
at Pk = 300 MeV/c . For comparison, the results in
Ref. [40] with different kaon-nucleus potentials are also
presented. The solid lines are the results for the IAs+p+d
model, the dashed lines correspond to the results of the
THPH model, and the dotted lines are for 2DD model.
From the figure, our calculations are close to the results












































FIG. 10: The same as did in Fig.9 at Pk=600 MeV/c.
of the IAs+p+d model. We must emphasize the IAs+p+d
model is the best model to describe the experimental data
in Ref. [40].
V. CONCLUSION
The momentum dependent K− nucleus potentials are
obtained based on the RMF. We think that the momen-
tum dependence comes from the interior structure of a
kaon-meson. By fitting the K−-nucleus elastic differen-
tial cross sections for 12C and 40Ca at PK =800 MeV/c,
the parameters κ and β are determined.
With the determined potentials, the K− mean free
paths in normal nuclear matter and nuclei are calculated.
By comparing the theoretical predictions with the mean
free paths calculated from K−n/K−p scattering data,
we found that the real potential depth should be V0 ∼ 80
MeV, and the imaginary parameter should be W0 ∼ 65
MeV. The mean free paths increase with increasing inci-
dent momentum in the range of 0 < Pk < 600 MeV, they
are about 1 ∼ 1.5 fm in nuclei and about 1 ∼ 2 fm at the
normal nuclear density.
One point must be emphasized, if our predictions
about the potential depths (V0 ∼ 80 MeV, W0 ∼ 65
MeV) are true, according to our calculations in [19], the
sum of the half widths of the 1s and 1p states are larger
than their separations in K−-nuclei. In other words, no
9discrete K− bound states in the A ≥ 12 nuclei can be
found in experiments.
The elastic differential cross sections for K−-12C and
K−-40Ca at the momentum of Pk = 300, 450, 600
MeV are also predicted. We expect some experiments
on the K−-nucleus scattering for the low momentum re-
gion Pk < 650 MeV will be taken in the future.
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